To evaluate the ability of various screening tests, both individually and in combination, to detect glaucoma in the general Latino population and high-risk subgroups. METHODS. The Los Angeles Latino Eye Study is a populationbased study of eye disease in Latinos 40 years of age and older. Participants (n ϭ 6082) underwent Humphrey visual field testing (HVF), frequency doubling technology (FDT) perimetry, measurement of intraocular pressure (IOP) and central corneal thickness (CCT), and independent assessment of optic nerve vertical cup disc (C/D) ratio. Screening parameters were evaluated for three definitions of glaucoma based on optic disc, visual field, and a combination of both. Analyses were also conducted for high-risk subgroups (family history of glaucoma, diabetes mellitus, and age Ն65 years). Sensitivity, specificity, and receiver operating characteristic curves were calculated for those continuous parameters independently associated with glaucoma. Classification and regression tree (CART) analysis was used to develop a multivariate algorithm for glaucoma screening. RESULTS. Preset cutoffs for screening parameters yielded a generally poor balance of sensitivity and specificity (sensitivity/ specificity for IOP Ն21 mm Hg and C/D Ն0.8 was 0.24/0.97 and 0.60/0.98, respectively). Assessment of high-risk subgroups did not improve the sensitivity/specificity of individual screening parameters. A CART analysis using multiple screening parameters-C/D, HVF, and IOP-substantially improved the balance of sensitivity and specificity (sensitivity/specificity 0.92/0.92).
O pen-angle glaucoma affects approximately 66.8 million people worldwide and is the second leading cause of blindness, affecting 6.7 million people. 1 In the United States, it is the leading cause of blindness in African Americans. 2 Its prevalence and severity exhibit large differences among various racial and ethnic groups. For example, the prevalence of glaucoma is evident at an earlier age, is four times more common and results in more visual loss in African Americans than in U.S. whites. 3, 4 Latinos are the largest minority group in the United States and also the fastest growing segment, representing 12.5% (35 million) of the population. 5 By 2050, an estimated 25% of the population in the United States will be of Hispanic origin. 5 Data from the Los Angeles Latino Eye Study (LALES) suggest that the prevalence of glaucoma in Latinos is similar to that in African Americans. 6 In addition, these data indicate that 75% of the glaucoma in Latinos is undiagnosed, compared with an estimated 50% among whites. 3 Consequently, there is a need to identify screening tests and parameters that will help develop cost-effective screening strategies in Latinos.
Because the disease is asymptomatic, except in its late stages, many screening programs have been used to try to diagnose the disease in patients at an early stage and thus prevent irreversible vision loss. However, the current standards of screening, including tonometry and visual field examination, have poor sensitivity and specificity. 7, 8 Even examination of the optic nerve has been less than effective when used as a screening tool, because of the need for trained observers. However, the subjective nature of the examination leading to poor interobserver agreement, even in experts, 9 further limits its usefulness as a sole screening measure.
In this article, we evaluate the relative performance of various screening parameters to detect glaucoma, as defined by the three different diagnostic criteria (glaucomatous appearance of the optic nerve alone, glaucomatous visual field, and having both a glaucomatous optic nerve and visual field). Screening tests included (1) Humphrey visual field (HVF) reading by glaucoma experts; (2) HVF parameters such as mean deviation (MD), pattern standard deviation (PSD), and glaucoma hemifield test (GHT); (3) frequency doubling technology (FDT); (4) intraocular pressure (IOP); (5) central corneal thickness (CCT); and (6) optic nerve vertical cup to disc ratio (C/D). Screening tests were evaluated for all participants, as well as for high-risk subgroups based on older age, family history of glaucoma, and presence of diabetes mellitus. To our knowledge, this is the first population-based study in which preset cutoffs were evaluated (as would be used in a population screening program), better cutoffs were developed from the multivariate data analysis via classification and regression tree (CART) analysis, CCT and FDT were included and a highrisk subgroup was analyzed in screening for glaucoma. It is also the first glaucoma screening study in Latinos.
HVF Testing
Visual field testing was performed with standard achromatic perimetry, using the SITA standard 24-2 program on an automated perimeter (Humphrey Automated Field Analyzer II; Carl Zeiss Meditec, Dublin, CA). If the visual field results were unreliable or abnormal, a repeat SITA standard 24-2 or full-threshold test program was performed. The following criteria were used to determine whether a visual field required a repeat test: GHT borderline, outside normal limits, or generalized reduction in sensitivity or two or more adjacent points depressed to a probability level Ͻ5%. An unreliable test result was defined as either false positives or false negatives Ͼ33% or fixation losses Ͼ50%. A total of 5781 participants had HVF data on both eyes. Three glaucoma experts reviewed the visual fields while masked to other patient data and graded the readings as to the presence and congruence of defects and whether the defects were consistent with or characteristic of glaucoma.
FDT Perimetry
In the FDT (Carl Zeiss Meditec) testing, we used the screening C-20-1 stimulus pattern, which determines contrast sensitivity to detect the frequency-doubling stimulus at 17 locations within the central 20°of the visual field. The pattern consists of sixteen 10°squares (four in each quadrant) and a central 5°circular area. Results of FDT were classified as any defect or no defect.
IOP, CCT, and C/D Ratio
The IOP was measured with Goldmann applanation tonometry by a trained ophthalmic technician with the participant under topical anesthesia with proparacaine 1%. The mean of three measurements rounded to the nearest 1 mm Hg was recorded as the Goldmann IOP. The CCT measurements were performed with an ultrasonic corneal pachymeter (DGH Ophthalmics, Inc., Exton, PA). After instillation of topical proparacaine 1%, the probe was placed on the center of the cornea, and the automatic readings were taken and displayed in micrometers of corneal thickness. An average of three consecutive readings rounded to the nearest micrometer was used for the final value. Horizontal and vertical C/D ratios were determined by a board-certified ophthalmologist, who examined all participants at a slit lamp biomicroscope with a 78-D lens. This assessment was independent of the optic nerve analysis performed by the two glaucoma specialists for the diagnosis of glaucoma.
Diagnosis of Open-Angle Glaucoma
A two-step process was used to diagnose open-angle glaucoma (OAG). First, the clinical history, including any history of treatment for glaucoma, family history of glaucoma, and treatment for other ocular diseases such as cataract, diabetic retinopathy, or age-related maculopathy, was determined. Also, a detailed clinical evaluation of visual acuity, gonioscopy, and IOP and an examination of the anterior and posterior segments of the eye were performed. Gonioscopy was performed by a four-mirror examination (Carl Zeiss Meditec) and all patients with angle closure (grading 1 or less on the Schaffer scale) were excluded from this analysis and were not considered part of the OAG group.
For the second step, two glaucoma specialists reviewed the data, as well as the optic disc photographs and visual fields, to determine a diagnosis of glaucoma. The specialists independently graded the optic disc and visual field for each eye, then arrived at a diagnosis of normal, suspected glaucoma, or glaucoma, based on standardized criteria. 6 Optic disc photographs were used only for the glaucoma diagnosis; the vertical C/D ratio used as a screening parameter was measured by a different ophthalmologist during the clinical examination. The FDT data were not used in the diagnosis of glaucoma. The primary definition of OAG required an open angle, visual field, and optic disc damage characteristic or compatible with glaucoma. However, in cases in which glaucomatous optic neuropathy was identified in the absence of visual field abnormality, a diagnosis of glaucoma was made. If the two specialists agreed, the diagnosis was assigned to that specific eye. If the two disagreed, a third glaucoma specialist reviewed the data, and agreement between two of the three specialists was used to assign the diagnosis. Analysis of photographic vertical C/D ratios showed interobserver reliability of 0.89. The statistic for agreement between the first and second reviewer for HVF reading was 0.47.
For the purposes of this study, analysis was performed on the basis of three definitions of glaucoma. The first definition required an optic nerve and visual field characteristic of or compatible with OAG. The second required only glaucomatous optic nerve appearance. The third group was defined by the presence of typical and repeatable glaucomatous visual field loss with no other identifiable cause of the defect (such as retinal disease). In the latter two groups, a glaucomatous visual field or optic nerve, respectively, could also be present, but was not required.
High-Risk Groups
Three high-risk groups were defined for analysis: (1) individuals who were 65 years of age or older, (2) individuals with a family history of glaucoma, and (3) individuals with diabetes mellitus. We did not include risk factors that can be determined only by an eye examination, such as high IOP, large vertical C/D ratio, and thin CCT, because in a population glaucoma screening program, these cannot be identified before the examination.
Statistical Analysis
All analyses were conducted on a per-person basis on one eye of each participant. If only one eye had visual field testing, that eye was chosen. If both eyes completed full clinical testing and only one eye was judged to have OAG, then that eye was chosen. If both eyes were found to have OAG, then the eye with the worse MD was chosen. If OAG was not diagnosed in either eye, then one eye was randomly selected.
The following definitions were used as cutoff points for normal versus abnormal screening parameters. The HVF expert reading was classified as glaucomatous or nonglaucomatous by agreement of two of the three glaucoma expert evaluators on the basis of the HVF results only. The HVF parameters were dichotomized into the following categories: (1) false negatives (Ն33% vs. Ͻ33%); (2) MD and PSD (Ͻ5% vs. Ն5%); and (3) GHT (outside normal limits versus within normal, borderline, or generalized reduction in sensitivity). As previously mentioned, FDT perimetry was dichotomized into any defect (mild, moderate, or severe damage) versus no defect. IOP was dichotomized as Ն21 mm Hg versus Ͻ21 mm Hg, CCT as Յ504 versus Ͼ504 m, and vertical C/D ratio as Ͻ0.8 versus Ն0.8. These cutoffs were chosen based on historical data and generally accepted standards. The CCT value of 504 m is 1 SD below the mean population CCT in the metaanalysis by Doughty and Zaman. 11 The value for vertical C/D ratio was chosen as 2 SD from the mean. Sensitivity and specificity were calculated for each of these parameters for each of the three definitions of glaucoma.
Stepwise logistic regression analyses were performed to evaluate the independent association of each of the screening parameters in predicting the diagnosis of glaucoma using each of the three definitions of glaucoma. To evaluate the ability of the continuous variables that were significantly associated with glaucoma in the stepwise logis-tic regression models to correctly predict glaucoma or nonglaucoma diagnosis, receiver operating characteristic (ROC) curves were generated, and the areas under the curve (AUC) were calculated. Graphs of sensitivity and specificity according to possible cutoffs of IOP, CCT, and vertical C/D ratio were used to illustrate the trade-offs between sensitivity and specificity in the choice of cutoff. The point where the lines for sensitivity and specificity cross may or may not be the best cutoff. Analyses were conducted at the 0.05 significance level (SAS, ver. 9.2; SAS, Cary, NC).
CART analysis is a recursive method of predicting outcome based on several decision points (nodes) determined by predictor variables that form a tree, with the final nodes containing the outcome prediction. 12 In these analyses, we used CART to predict glaucoma based on optic nerve and visual field. We made no distinction between the costs of a false-negative versus a false-positive classification. Potential predictors included all the screening parameters shown in Table 2 , but allowed vertical C/D ratio, IOP, and CCT to take on any of their continuous values. A multivariate CART model included all the potential predictors, and completeness was determined by 10-fold cross validation with a maximum of 10 nodes and a minimum node size of 10 for further splitting. No pruning or growing of the tree was preformed. CART analyses were completed by using multivariate analysis (CART ver. 6.0; Salford Systems, San Diego, CA).
RESULTS
Of the 6357 participants in the LALES cohort, 215 were unable to travel to the clinic and did not undergo any clinical testing except for an in-home examination, and 60 were unable to complete visual field testing. A total of 6082 participants completed a full glaucoma evaluation consisting of HVF, IOP, CCT, and optic nerve evaluation, and FDT data were obtained on 5854 of the participants. There was no difference in rates of diabetes and family history of glaucoma between those with and without FDT data; however, 19.4% of those with FDT data were 65ϩ years of age, whereas 30.3% of those without FDT data were 65ϩ (P Ͻ 0.0001).
The demographic characteristics of those included versus excluded are as follows: 58% versus 62% were female (P ϭ 0.18); 20% versus 29% were Ն65 years of age (P ϭ 0.0003); 10% versus 17% had a self-reported history of untreated cataract (P ϭ 0.001); and 3% for each group had a self-reported history of glaucoma (P ϭ 0.99). Means and standard deviations for continuous screening parameters are shown in Table 1 .
Of the 6082 participants, 286 (4.7%) were diagnosed by the glaucoma experts as having open-angle glaucoma; the remaining 5796 (95.3%) eyes were considered nonglaucomatous. The agreement between observers showed a correlation coefficient ϭ 0.89 and a weighted ϭ 0.64. Glaucoma based on optic nerve appearance alone (with or without a glaucomatous visual field) was seen in 270 individuals. Glaucoma based on visual field (with or without a glaucomatous optic nerve) was seen in 231 participants. According to the definition of glaucomatous optic nerve and visual field, 216 participants were identified. High-risk participants comprised 37% of the total population sample and 75% of the glaucoma cases based on glaucomatous optic nerve and visual field. Table 2 displays the univariate association (frequency and prevalence rate) for each of the glaucoma screening parameters for each of the three definitions of glaucoma. Table 3 shows the sensitivity and specificity of each of the screening parameters for the three definitions of glaucoma. Preset cutoffs for screening parameters never resulted in both sensitivity and specificity exceeding 80%. Sensitivities and specificities were quite similar regardless of which definition of glaucoma was used, with the exception of the HVF parameters that showed Data are the number of subjects fitting each screening parameter.
lower sensitivity when glaucoma was determined based on the optic nerve alone. Analysis of the high-risk parameters showed a statistically significant association between diabetes mellitus, age, and family history glaucoma (data not shown). The best balance between sensitivity and specificity was for age greater than 65 years. However, separate analyses of the overall high-risk group (n Mϭ 161) and each of the three high-risk subgroups (n ϭ 65-126) did not show an improvement in the sensitivity and/or specificity performance of the glaucoma screening parameters (Table 4) . For example, vertical C/D ratio showed sensitivity and specificity of 0.60 and 0.98, respectively, in the full population group, while sensitivity ranged from 0.58 to 0.63 and specificity from 0.96 to 0.97 in the high-risk subgroups (Table 3).
A stepwise logistic regression analysis was performed to identify independent predictors of glaucoma diagnosis (data not shown). The best predictor for each category of glaucoma diagnosis was the vertical C/D ratio. The rank order varied depending on the glaucoma category, but all models included vertical C/D ratio, HVF visual field result, IOP, FDT, and GHT. CCT was a significant predictor only in the model based on a definition of glaucoma by visual field alone.
The AUC for the ROC for continuous screening parameters are summarized in Table 5 for the study cohort and the highrisk subgroups. The AUCs for the three independent predictors were vertical C/D ratio ϭ 0.900, IOP ϭ 0.705, and CCT ϭ 0.549 (Fig. 1) . Pair-wise comparisons revealed significant differences in the AUCs (P Ͻ 0.0001). A more in-depth analysis of sensitivity and specificity for continuous variables is presented in Figure 2 . These represent calculations of continuously varying sensitivity and specificity at different cutoff points in the vertical C/D ratio, IOP, and CCT. Of note, the best balance achieved by IOP reading ( Fig. 2A) was between 15 and 16 mm Hg, suggesting the need for vigilance for glaucoma presenting with IOP in the mid teens. The best balance for CCT (Fig. 2B ) was at 559 m; but as with IOP, this still resulted in poor sensitivity and specificity. The best balance for vertical C/D ratio as a single parameter (Fig. 2C) was achieved between 0.5 and 0.6.
The results of the CART analysis are shown in Figure 3 . The CART model revealed that the best initial screening variable was vertical C/D ratio, using the CART-based cutoff of 0.7. If an individual has a vertical C/D ratio Ͻ0.7, the second screening variable was expert assessment of the visual field. If the HVF was normal, then the individual was judged not to have glaucoma; if the HVF was abnormal, then the third screening variable was IOP, using the CART-based cutoff of 14 mm Hg. If an individual had IOP Ն14 mm Hg, then the individual was judged to have glaucoma; otherwise the individual was glaucoma-free.
If an individual had a vertical C/D ratio Ն0.7, the second screening variable was based on the GHT. If this was abnormal, then the individual was given a diagnosis of glaucoma. Otherwise, an HVF test was needed to make the decision. As before, if the HVF results were normal, then the individual did not have glaucoma; but if the HVF was abnormal, the individual was judged to have glaucoma, and IOP was not needed. Sensitivity, specificity, and AUC for the CART model were excellent (0.92, 0.92, and 0.96, respectively). These values were almost identical for the training and the validation subgroups (0.89, 0.92, and 0.95, respectively).
CART results for the high-risk subgroup were similar, with the initial branch determined at the same vertical C/D ratio cutoff of 0.7. Although the full tree results were simpler for the high-risk subgroup than for the total population, the model fit remained high (sensitivity ϭ 0.98, specificity ϭ 0.80, and AUC ϭ 0.93).
DISCUSSION
We analyzed the ability of various screening tests (visual field testing, vertical C/D ratio, FDT, IOP, and CCT) to diagnose glaucoma in a large population-based study of Latinos (LALES) and in three subgroups of high-risk subjects: those with a positive family history of glaucoma, history of diabetes, or age Ն65 years. This is the first population-based glaucoma screening to include such a wide variety of screening parameters (including FDT and CCT) and to separately analyze groups of high-risk individuals to determine whether the performance of screening tests can be improved if applied to these subgroups. We used the CART analysis to find the ideal cutoffs for each of the continuous parameters. The appeal of CART is that it enables consideration of several potential predictor variables to arrive at a final prediction of outcome through the use of a decision tree which is easy to understand and implement. Furthermore, CART can fully account for complex interactions of the variables. The final classification by CART has a clearly defined sensitivity and specificity, and thus, comparisons with other predictive models can be readily made. n ϭ 6082. * Sensitivity is the proportion of participants having glaucoma according to the glaucoma diagnostic criteria who test positive by the given screening parameter. Specificity is the proportion of participants not having glaucoma according to the glaucoma diagnostic criteria who test negative by the given screening parameter.
The diagnosis of glaucoma requires expert evaluation, which cannot be replicated in a setting appropriate for largescale population screening. Potential screening parameters would be factors that the ophthalmologist would consider when making a diagnosis. No matter how objectively or independently these screening parameters are measured, there will necessarily be bias toward any parameter that the ophthalmologist considers to be highly important in making the diagnosis.
This study included a large proportion of the eligible population of LALES (95.7%) and is representative of the study population. 6, 10 To reduce bias toward any one screening parameter, we created three separate definitions of glaucoma from the original glaucoma cohort for analysis. As expected, we found that vertical C/D ratio performed equally well as a screening parameter, regardless of the method used to define glaucoma, but that the visual field parameters had decreased sensitivity when the definition of glaucoma was based on the appearance of the optic nerve alone.
We used the third group (in which glaucoma was defined by the requirement of both a glaucomatous optic nerve and a glaucomatous visual field) to assess the performance of each of the screening parameters in high-risk groups, defined by an age of 65 years or older, history of diabetes mellitus, and family history of glaucoma. The screening parameters performed similarly in each of the high-risk groups and in the full study population. A total of 37% of study participants and 75% of glaucoma cases (identified with glaucomatous optic nerve and glaucomatous visual field) fell into one or more of the high-risk groups.
Vertical C/D Ratio
When we used a predetermined cutoff of Ն0.8 for vertical C/D ratio, there was excellent specificity (0.98) but moderate sensitivity (0.57-0.60). Using the cutoff point of 0.8 revealed that vertical C/D ratio showed the best positive likelihood ratio of 28.24 (the probability of testing positive for glaucoma when glaucoma is present divided by the probability of testing positive for the disease when glaucoma is not present) compared with CCT at 1.73 and IOP at 8.13. In general, a more stringent screening cutoff would result in higher positive likelihood ratios. Likelihood ratios can be calculated directly from sensitivities and specificities and, unlike false-positive and -negative rates, have the advantage of not being dependent on the proportion of ocular disease in the population. They also can be used with pretest probabilities of disease to calculate posttest probabilities of disease. However, when we used a lower cutoff of Ն0.7 (as suggested by the CART analysis) as a single screening measure, the sensitivity, while significantly improved (from 0.60 to 0.76), was still not optimal, and the specificity was reduced (from 0.98 to 0.94). Thus, whereas using a vertical C/D ratio cutoff of 0.7 allowed identification of glaucoma in more participants, with only a small increase in the rate of false positives, there would continue to be a significant number of individuals with glaucoma who would remain undetected if the vertical C/D ratio were used as a single screening measure.
Central Corneal Thickness
Because the Ocular Hypertensive Treatment Study reported that CCT is a significant independent risk factor in the development of glaucoma 13, 14 and CCT has been identified as a risk factor for advanced glaucomatous damage, 15 we included CCT in our analysis. The high specificity indicates that low CCT is a significant risk factor for glaucoma; but the low sensitivity suggests that a large number of persons with glaucoma are likely to be undetected if this is used as a screening measure. * Sensitivity is the proportion of participants who had glaucoma according to the glaucoma diagnostic criteria and who tested positive by the given screening parameter. Specificity is the proportion of participants not having glaucoma according to the glaucoma diagnostic criteria, who tested negative for the given screening parameter. † The definition of glaucoma is based on glaucomatous optic nerve and visual field examinations. ‡ The numerator is the number of glaucoma cases among those with the risk factor; the denominator is the total number with that risk factor.
HVF Perimetry
We found HVF SITA standard testing to be associated with the diagnosis of glaucoma but with a relatively low sensitivity and good specificity. Based on the logistic regression analysis and CART results, we concluded that visual field expert reading and GHT were useful tools in glaucoma diagnosis but were inadequate as single screening parameters.
FDT Perimetry
FDT perimetry, based on the premise that glaucomatous patients may be less able to detect the frequency-doubling phenomenon in the early stages of the disease, 16, 17 can identify defects in patients that are not apparent with standard automated perimetry. 18 -23 In our study, FDT perimetry showed fair sensitivity and specificity, and an FDT defect was identified as the fourth or fifth significant predictor of glaucoma on stepwise logistic regression analysis. Overall, our experience with the FDT as a screening device did not replicate the promising results noted in other studies.
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Intraocular Pressure
As expected, IOP was correlated highly with glaucoma and maintained a high ranking in stepwise logistic regression analysis; but IOP was not a good screening parameter on its own. IOP showed excellent specificity but very poor sensitivity, indicating that if an IOP cutoff of 21 mm Hg is used as a screening measure, a large number of individuals with glaucoma will not be detected. The multivariate CART found a cutoff of 14 mm Hg in those with an abnormal visual field to be the best indicator of glaucoma. This finding underscores the need for screening in persons with IOP in the mid teens. Similarly, a significant number of false positives based on IOP reflect the presence of persons with ocular hypertension without glaucoma. These findings regarding the poor performance of IOP as a screening parameter for glaucoma in a populationbased study are consistent with those of the Baltimore Eye Survey.
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Screening High-Risk Populations
The glaucoma screening parameters were also evaluated on subgroups of the population meeting criteria for a high-risk population based on age, family history of glaucoma, and history of diabetes. The analysis of these subgroups showed a very similar result to the general population and did not improve the performance of the screening parameters. Although the high-risk subgroups, being of smaller size than the full study cohort, are subject to less certainty in statistical estimates, these results suggest that screening of high-risk groups based on these criteria may not improve over screening of the general population over age 40. This is not to suggest that patients in these risk groups should not be evaluated, but that a general screening may not be as effective as individual examinations by a trained ophthalmologist. That sensitivities and specificities did not vary by high-risk subgroup suggests that any possible bias due to the excluded subjects (who, although small in number, tended to be older than the included population) would be minor.
Positive likelihood ratios for the high-risk subgroups based on history of diabetes, family history of glaucoma, age 65ϩ, and any high-risk classification were 21. 
Comparison with Other Studies
Glaucoma screening has historically been challenging because of a poor balance of sensitivity and specificity of screening procedures. IOP, automated visual field testing, frequencydoubling perimetry, optic disc evaluation, and nerve fiber analysis by photographs and automated methods have all been evaluated as potential screening devices, with variable results.
The meta-analysis performed by Mowatt et al. 25 reviewed 40 studies of nine screening tests for the detection of glau- n, total number of participants with the risk factor. The ROC for each screening parameter plots sensitivity on the y-axis and 1 -specificity on the x-axis. The sensitivity and specificity of each potential cutoff for the screening parameter is plotted to give a curve extending from the lower left corner to the upper right corner of the graph. A perfectly diagonal line would indicate that any gain in sensitivity is exactly offset by a decrease in specificity. A better performing test would rise rapidly so that the curve approaches the upper left corner of the figure. In the case of a diagonal line, the AUC would be 0.5; the maximum AUC would be 1.0. There were modest differences in the AUCs for each of the risk groups, but regardless of risk group, vertical C/D ratio is consistently the best performing parameter. MD and PSD show relatively good AUCs, but were not independent predictors in our logistic regression model, whereas IOP and CCT show rather weak AUCs, but were independent predictors in the logistic regression model, indicating that MD and PSD, but not IOP and CCT, are closely associated with other independent predictors in the model. coma. In judging the performance of these tests by diagnostic odds ratios, these researchers found that FDT, oculokinetic perimetry, and HRT II (Retinal Tomograph II; Heidelberg Engineering, Heidelberg, Germany) were promising tests, whereas ophthalmoscopy, standard automated perimetry, retinal photography, and IOP performed relatively poorly as single tests. They concluded that no test or group of tests was clearly superior for glaucoma screening.
The Baltimore Eye Survey was a population-based study that evaluated IOP, vertical C/D ratio, and narrowest neuroretinal rim width as screening parameters for glaucoma. 24 The investigators found no cutoff points that gave a good balance between sensitivity and specificity for any parameter or combination thereof-this despite the use of expert evaluation of stereoscopic disc photography as one of the screening parameters.
A study in the United Kingdom found that by adding visual field results, optic disc evaluation, and IOP, a sensitivity and specificity of Ͼ0.9 were obtained. 26 Tests of visual function such as visual acuity, contrast sensitivity, and color discrimination did not improve the model. However, this was not a population-based glaucoma screening study, since the participants included a small group of persons without glaucoma and about half that number with suspected glaucoma. Thus, the results cannot be directly applied to population screening for glaucoma, because most persons do not have glaucoma.
In our study, while the vertical C/D ratio has the best balance of specificity and sensitivity, it does not achieve levels that would make it a useful screening test for population-based glaucoma screening in the general population or in high-risk subgroups. Nevertheless, we have shown that a combination of screening tests can be used in a simple decision algorithm to screen and identify persons with glaucoma, with high sensitivity and specificity. While our results do not suggest that glaucoma screening in Latino populations is materially different from screening in other populations, that possibility should be considered when extrapolating our results to other population groups. We calculated likelihood ratios which have the advantage of consistency across different levels of disease prevalence in the population being tested. However, there are also known differences in the levels of these screening parameters seen in various populations. For example, even within the Latino community, Latinos in Arizona (Proyecto VER) had higher levels of IOP among participants with OAG than were found in Latinos in Los Angeles among participants with OAG. It is not clear whether this difference is due to different study methods in measurement or determining glaucoma or to population differences within the Latino community (e.g., percentage with Native American ancestry, which was substantially different in the two studies). Given these limitations, an appropriate interpretation of these results is that our study is exploratory and Those with vertical C/D ratio Ͻ0.7 are then further classified according to whether they had a normal versus abnormal visual field. Those with normal visual field are classified as not having glaucoma. Those with an abnormal visual field are further separated into those with IOP Ͻ14 mm Hg (classified as not having glaucoma) or those with IOP Ն14 mm Hg (classified as having glaucoma). Participants with vertical C/D ratio Ն0.7 are classified according to HVF analyzer GHT results. Those with abnormal GHT were classified as having glaucoma, whereas those with normal GHT are further classified by expert visual field assessment as normal (not having glaucoma) or abnormal (having glaucoma). The algorithm illustrated here has both a sensitivity and specificity of 0.92. Fifty-two participants are not included in this analysis due to missing data on one or more of the parameters. provides a different methodological approach to screening for glaucoma. The use of a multiparameter algorithm such as we have developed herein may eliminate some of the ambiguity found with single-parameter evaluations; however, further studies are necessary to validate these findings. Indeed, a generalized algorithm may include race/ethnicity as a parameter subject to the CART decision process. A remaining limitation of this algorithm, however, is that from a practical standpoint, not all the required parameters may be readily available. In a future analysis, we propose an objective measure of optic disc parameters with automated testing to determine whether there is good a balance between sensitivity and specificity. The strategy of screening a high-risk population neither improved nor detracted from the sensitivity and specificity of the various glaucoma screening parameters, suggesting that a screening program would be equally effective in both settings.
In summary, we have validated the findings of previous studies highlighting that no single parameter is highly sensitive and specific for population-based screening of glaucoma. However, a combination of IOP, HVF, and optic disc assessments used in the algorithmic manner described herein yields the best approach to screening for glaucoma. Other populationbased studies should develop similar algorithmic approaches to diagnosis based on parameters that are specific and applicable to their populations.
